All the patients had a successful bilateral upper thoracic sympathectomy. The extent of the denervation was determined in 7 of them by using changes in skin resistance to mark the area of the chest where sweating had been abolished; the chain was removed at least to T4 on both sides in 4 patients, to T3 on the right and T4 on the left in 2 patients, and only as far as T2 on both sides in one.
Electrocardiograms were recorded at rest and during exercise from electrodes held on the chest wall by a rubber strap. One electrode was placed in the right axilla and connected to the right arm lead; two others were positioned over the precordium and connected so that the tracings obtained on a twin-channel electrocardiograph represented CR leads. Blood-pressure records were obtained by means of a sphygmomanometer cuff attached to the left upper arm and a stethoscope diaphragm held in place in the left antecubital fossa by a crepe bandage.
After a blood-pressure reading and a baseline cardiogram had been obtained with the patient standing at rest, he was set to walk at his normal pace, either on the level or up an incline, depending on effort tolerance. Further electrocardiograms and blood-pressure measurements were taken at half-minute intervals during exercise, and for four minutes afterwards. The treadmill was always stopped as soon as the patient developed pain. After sympathectomy, the distance the patient was permitted to walk was restricted, originally to twice and later to three times the pre-operative limit, but this was probably an unnecessary precaution.
The speed and slope of the treadmill were constant for any one patient. Tests were performed at least three hours after meals, and neither smoking nor glyceryl trinitrate were allowed for the same period. Effort tolerance always increased as the patient became familiar with the techniques used, and formal testing was not started until it became consistent within narrow limits so that change could be accepted as meaningful.
Pronethalol Series. Six patients with severe angina were tested by a similar technique before and after ,-adrenergic blockade. Three of them subsequently had a sympathectomy and are therefore included in both series. Three tests were performed 90 minutes after the administration of 300 mg. pronethalol and three tests after identical placebo tablets. The order in which the tablets were given was systematically varied, but the placebo tests were not carried out for at least 18 hours after pronethalol had been administered, in order to avoid residual effects of the active drug.
RESULTS
Surgical Series. The change in effort tolerance after sympathectomy is presented graphically in Fig. 1 . Of the 8 patients studied, 6 were much improved when first tested after operation and were that were associated with anginal pain beforehand. We have also found that positive effort changes usually revert more rapidly to normal after exercise when a patient has had a sympathectomy. Table I shows the heart rates and Table lI the blood pressures that were recorded with the patients at rest and exercised to the point of pain before operation, compared with those recorded at rest and after a similar amount of exercise following sympathectomy. The heart rate was slowed in 6 of the 8 patients. It is noteworthy that the two patients in whom there was no slowing had little or no response to operation despite sympathectomy which was shown to extend to T4; however, in one of the remaining six who did respond well there was only a 2 per cent reduction in heart rate on exercise. There was slight lowering of blood pressure at rest in 6 of the 7 patients in whom it was measured; on exercise the pressure fell in all 7, but the reduction was striking in only one.
Pronethalol Series. The results of the treadmill tests in 6 patients with and without ,6-adrenergic blockade are given in Table III . The figures are based on the average of three tests after placebo and three after pronethalol. Effort tolerance was increased in all after the active drug, but in 2 patients the difference was less than 20 per cent, and of doubtful significance. It was doubled in only 1 patient, so that the effects of acute ,-adrenergic blockade were less striking than those following sympathectomy.
Patient No. 13 showed the best response (Fig. 4) : on two of the three occasions on which pronethalol was taken, no pain and no positive effort changes occurred; the figure does not show the full extent of the improvement attained. (Ahlquist, 1948) . Most of the sympathetic PAIN excitatory effects depend on a-receptors, but one important exception is the heart where stimu-5os yards lation is a fl-adrenergic action. An effective /-adrenergic blockingagent, pronethalol, recently AFTER became available, and this can be used to block EXERCISE NO PAIN the sympathetic innervation of the heart pharmacologically, without affecting the pathways for cardiac pain. Dornhorst and Robinson (1962) nethalol he was able to walk considerably further, and on this occasion developed neither pain nor /3-adrenergic blockade has an effect similar to abnormalities in the electrocardiogram. that of surgical sympathectomy on the electrocardiogram during exercise in ischemic heart disease, and this lends support to the concept that the increased effort tolerance after operation is primarily a result of interruption of the efferent motor innervation of the heart rather than division of sensory pathways.
The objective improvement following sympathectomy must depend on one or more of three mechanisms: decreased heart work, improved coronary artery flow, or increased myocardial efficiency.
It is commonly believed that the normal increase in cardiac output that occurs on exercise is due largely to sympathetic drive, and therefore it might be expected that heart work on exercise would be There is good evidence that adrenaline and noradrenaline are constrictors of the coronary circulation (Berne, 1958) , and that the dilatation that normally occurs with increased heart work is a secondary effect due to local action of metabolites. Sympathetic stimulation is mediated through these substances, and its direct action on the coronary vessels may also be constrictor; sympathetic blockade would in that case tend to reduce coronary artery resistance during exercise. The pathology of occlusive coronary artery disease is such that the larger vessels supplying the ischemic areas of the myocardium are unlikely to be capable of appreciable dilatation. An effect on collateral vessels is possible, but cannot have an important influence on flow.
Sympathetic stimulation has been shown to increase the rate of systolic ejection (Sarnoff et al., 1960) . The duration of systole during exercise will, therefore, be prolonged after sympathectomy compared with before operation. There is indirect evidence that pronethalol has a similar effect (Chamberlain and Howard, 1964) . Diastole must therefore be curtailed at any given heart rate. But heart rate on exercise is slower after sympathectomy, and this effect favours diastole. Coronary flow varies with total diastolic time; whether flow is increased or not after operation will, therefore, depend upon the balance between the slowing of the heart and the prolongation of systole that ensues.
Reduction in sympathetic drive increases the efficiency of the heart in terms of oxygen consumption for external work done. The oxygen-wasting effect of increased contractility resulting from Welch et al. (1958) showed a fall in external efficiency when contractility was increased by injections of mephentermine sulphate and noradrenaline, but only so long as the end-diastolic filling pressure was not abnormally high. When this was raised, the situation was changed so that the sympathomimetic amines actually exerted an oxygen conserving influence. Sympathectomy may also have a paradoxical action on the myocardial oxygen consumption in heart failure in man. It is our experience ,that it gives no benefit in the presence of incipient failure. One recent patient became more breathless and his angina worsened after operation. He required treatment with diuretics and was not fit enough to be included in the study. A similar effect was also produced in another patient by pronethalol and was reversed by stopping the drug.
The objective improvement in angina following sympathectomy and 3-adrenergic blockade must be due principally to the reduction in tachycardia and the oxygen-wasting increase in contractility, which are the normal responses to excitement and exercise. By achieving this, sympathetic ablation may hold more promise for the long-term management of the disease than attempts to improve coronary flow by vasodilating drugs.
SUMMARY
A study has been made of the effect of upper thoracic sympathectomy in 8 patients with severe angina pectoris. Effort tolerance was measured on a treadmill, and electrocardiograms were recorded during the exercise. Tests were repeated on each patient before operation until consistent results were obtained; similar tests were performed after surgery at intervals, over a follow-up period ranging from 3 to 14 months.
Effort tolerance was increased two-to threefold in 6 of the 8 patients, and there was a corresponding delay in or abolition of the ischoemic abnormalities in the electrocardiogram during effort. When changes did occur comparable to those accompanying pain before sympathectomy, the patients experienced discomfort and stopped walking.
Six patients were also tested after treatment with pronethalol, a P-sympathetic blocking drug.
All were able to walk further than they could after a placebo, and in three of them the increase in effort tolerance was 50 per cent or more.
The objective improvement after sympathetic ablation is due principally to the reduction in tachycardia and the oxygen-wasting increase in contractility, which are the normal responses to excitement and exercise.
